Color concentration detection is one of the main monitoring processes in textile industry.
Introduction
Fiber optic sensors with minute size, high sensitivity, and fast response are in the trend now for such sensing systems [1, 2] . It is growing attention in optimization and validation of fiber optics sensor by focusing on the parameters that are most suited to practical problem. Based on the Central composite design (CCD) model coupled with Response Surface Methodology (RSM), experiments were conducted to visualize the interactions of independent factors. This approach can evaluate the interaction between the effects of operating parameters each other and compared to traditional method which only employs single parameter at a time. Besides, it able offers assessments of error in statistic form.
In this study, the authors proposed a Mach-Zehner interferometer (MZI) sensor consisting of sensing portion by simply concatenating a short section (~10 mm) of multimode fiber (MMF) in the middle of a single-mode fiber (SMF), SMF 1 -MMF-SMF 2 . The sensitivity was enhanced by adopting a thinner MMF to achieve larger evanescent field [3] which can be influenced by external perturbation [4, 5] . The MMF was tapered and core section exposed to different concentrations of Remazol Black B dye solution (RBB). Reduces diameter of MMF and increase in RBB concentration can induce variation in the interference signal [6] and wavelength shift were investigated in this study.
Experiments
In this experiment, SMF (SMF28) and MMF (FSC105/125) were employed. Both fibers were cleaved and spliced with a fusion splicer machine (Sumitomo, model Type-36). Next, the MMF fiber section was tapered by flame-brushing technique and tapering process was being monitored in real time by using a 1550 nm light source. The tapering process was stopped at the moment the interference spectrum was achieved as shown in Figure 1 . MMF with diameter of 27.7 µm, 23. The process parameters were optical fiber with diameter MMF between 19.5 µm to 27.7µm and RBB solution with concentration between 80 ppm to 240 ppm. In the meantime, face-centered central composite design was generate by setting the alpha value at 1 while the actual and code values were designated as low (-1), medium (0) and high (+1). This is required because a three-level design can ensure that accurate model can be provided [7] . Table 1 presents the coded levels of the process parameters. 
Results and Discussion
The results were accessed by investigation of variance, ANOVA. The results of the ANOVA for the models are given in Table 2 . The statistical significance of the acceptable model was tested by the F-test which was based on a probability value with 95% confidence level. The F-value of wavelength shift model was 32.07 which implied that the models were significant. It was found that the value probability error of F-value (Prob.> F) for model was equal to 0.0001 represent there was a low probability that the model would be affected by noise [8] . Furthermore, the adequacy of the model generated was tested through lack-of-fit [9] . The lack-of-fit value of model was 0.2326, implying that the model was not significant relative to the pure error since the probability values were more than 0.05. Desirable of the both F-value and lack-of-fit showed that the model was applicable with the predicted response variables within the range. Output Intensity (dBm) Wavelength (nm) 
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Validation of the model
Finally, an additional experiment was conducted according to the optimum conditions suggested by RSM to verify the proposed model. Optical fiber with diameter equal to 19.5µm and RBB with concentration equal to 200 ppm were used. The value of wavelength shift predicted by the model was 0.53 nm which could also be calculated from the modeling equation in Table 3 , Equation
(1) and Equation (2) . At these optimum conditions, the value of wavelength shift model was 0.50 nm percentage error between the experimental and predicted results was 8.00 %. Good agreement between the experimental and predicted results verified the validity of the models and existence of the optimum conditions. 
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Conclusions
A MMF-based MZI sensor was developed for measuring wavelength shift in order to measure concentration values (in unit ppm) of color samples. The authors proved that higher sensing performance could be achieved using optical fiber with thinner MMF, 19.5 µm if compared with thicker MMF, 27.7 µm and 23.5 µm. Optimization study in proposed sensor had demonstrated by using CCD coupled with RSM method. Quadratic models for wavelength shift had been established.
Furthermore, validation the models were ask to predict wavelength shift in 200 ppm by using 19.5 um MMF. There were only less than 10% differences between the experimental and theoretically data.
Therefore, it can be concluded that proposed sensor is reliable and highly reproducible to measure color in ppm values. The optimization parameters may offer useful information pertaining to the development of efficient sensing application using multimode fiber optics.
